Abstract -Several novel concepts in the technology and design of machinery for the production and application of smoke in the food industry have developed during the past few years. These concepts have resul ted largely from the concern in the follow--ing four general areas: (1) better control of the flavor and color of smoked foods, (2) the possible carcinogensie by components in wood smoke, (3) the need to decrease smoke effluent from smokehouses, and (4) the need to increase rates of production. The production and use of smoke solutions as a replacement for direct vaporous smoking have aided greatly in all four of the above problern areas. New designs in smokehouses including using of electrostatically filtered smoke, closed system smokehouses, and carefully engineered smoking tunnels have contributed to less smoke effluent, as well as to lower hydrocarbon deposition on foods and smoking with better efficiency and throughput.
INTRODUCTION
Although the smoking or smoke flavour1ng of foods is an age-old process, many changes have occurred in recent ,ears in the technolo@J and design of machiner, for the production and application of smoke to foods. Four general factors have influenced these changes, and/or have supplied the need for change, in the smoke flavoring process, namel,, (1j the desire for better control of the flavor and color of smoked foods, { 2) the concern for possible carcinogenesie b' components in wood smoke, (3) the need to decrease the smoke effluent from smokehouses, and ( 4) the constant need for better design and faster through-put.
The desire for better control of the flavor and color level in smoked foods has stimulated considerable improvements in smoke generators, in better engineered smoke.houses in terms of air changes, heat and humidit' control, as well as to wide use of smoke solutions. The concer.n for possible carcinogenesie b' components of wood smoke, and the means of identit,ing some of the know.n carcinogene, with the resulting development of processes for decreasing, or eliminating, these compounds from the smoking agent. Careful temperature control in the smoke generating s,stem, various means of removing particulate matter from the smoke cloud, and the use of refined smoke solutions have all contributed to lower risk of possible carcinogenesie b' wood smoke in foods. The environmental factor of decreasing the level of smoke effluent has brought developments in afterburner s,atems, in closed or rec,cle smoking s,stems, and also has greatl' contributed to the use of wood smoke solutions. The economic factor of more production with less space and cost, has been the obvious force behind the development of the continuous 1687 processing tunnels. Inherent in the operation of these continous a,stems is the difficultJ of applJing sufficient uniform smoke to a moving mass of product. This problem of obtaining adequate smoke flavor and color on a moving product has been attacked bJ increasing the densitJ of the smoke cloud from improved generators, and bJ drenching the moving product with liquid smoke.
More details are given in the following on some of the concepts and developments in smoking technologJ which have resulted from the efforts to solve the forementioned problems.
BETTER CONTROL OF SMOKE FLAVOR AliD COLOR ProbablJ one of the major factors in contributing to the better control of smoke flavor and color of foods is the great amount of work and the maz:cy findings on deter.mining the constituents of smoke and their relationship to the smoke flavoring and coloring process. As it has been aptlJ illustrated in earlier papers in this SJmposium, there have been maDJ scientific papers written on the composition of smoke. Smoke, being as complex as it is, conteins maDJ compounds and the reaction of these compounds with each other, and with the protein of foods, results in the complex phenomena that we call smoking or smoke flavoring. In general, however, the compounds of smoke can be classified into three rough classes -namei,, acidic substances, phenolic substances, and carbon;yl compounds. These classes, of course, exclude the bJdrocarbons which represent some of the trace materiale unwanted in the smoking reactions.
Rougi, speaking, these three major components of smoke contribute to the smoking process in the following WQJS: (1) The acidic substances acealerate the curing reaction which, of course, contributes to the pink coloration of cured meats. The acids also contribute to the denaturation of t;tle meat surfa-1 ce proteins and form the skin on the surface of wienere and other meats. This skin formation is essential in the peeling of skinlese wienere. (2) The phenolic substances contribute mainlJ to the flavor of smoke and smoked foods. TheJ va~ a good deal in the flavor potencies and astringencies and sometimes contribute adverselJ to the point of being medicinal. However, as a group, the phenolic substances are the stronger flavor contributors.
(3) The carbon,ls contribute to the sharpness in the flavor of smoke, but probablJ their main contribution is to the smokJ brown color and sheen of smoked products. The most important color contribution of smoke is due to the browing reaction between the active carbon,ls of the smoke and the amino groups of the protein in meat. During the course of our investigations using liquid smoke, we have studied the browing reaction of various carbon,ls·.
In a series of experiments using glycine solutions as the source of amino groups, we have studied the reaction of the various carbon,ls, some of which would be present in wood smoke, others that are not. Aqueous solutions of the various carbon,ls were prepared at a constant molaritJ and reacted with glJcine solution by heating a mixture of the two in a hot water bath, and measuring the intensitJ of the developed brown color at 490 millimicrons. The data in Table 1 show the relative difference between various carbo~l compounds in the tendencJ for browing with an amino group. The results show, for example, glJoXal and c.rotonaldelcyde to be ver, active color formers while d~drox,acetone and acetaldehyde are onl~ moderatel~ active. Formaldehyde, on the other hand, does not give color under the conditions of these reactions.
Continuation of these and subsequent studies on the effect of various carbonJlS on the brown coloration of meats exposed to liquid smoke, has demonstrated the importance of having active carbonJls present in order for the significant brown coloration associated with smoking to develop. BJ active carbonJls, we mean carbonJls with an unsaturated bond or keto-enol grouping adjacent to the carbonJls. ObviouslJ, to indicate that the simple browning reaction is the total explanation of the brown coloration in, and on, the surface of meat during smoking is an over simplification. The basic color forming reaction may well be between a carbonJl and an amino group, but the conditions must be present to allow this reaction to occur and to go to completion, that is go to the formation of the dark color. Since the browning reaction is essentially a condensation followed by a rearrangement and dehydration, it would seem to be ver, important to have conditions that allow first the condensation, then the rearrangement and dehydration. For example, the pH would have a ver, definite effect with the darker colors probablJ being produced at higher pH. This we have found, since we have learned that the strong acidification of smoke solution with vinegar, for example,decreases the brow.n coloration for-med·• Furthermore, after the abso.rption of smoke, it would seem to be quite likel;y that to form a darker color it would be necessar;, to have a hot, dr;, surface to acealerate the deh;,dration aspect of the reaction. We have found this to be true, since it is necessar;, to have a period of relative!;, low humiditJ during the period right after the absorption of smoke, in order to develop the darker browu color. Meats treated with liquid smoke, for example, and heated in a water solution developed ver;, little, if ~. brown color. On the other hand, if the meat is treated with liquid smoke and held under relativel;y low humidit;y with high temperature conditions for a period after the application, a very dark brown color associated with heavil;y smoked products developed. With these basic premises, it is quite eas;y to assume that smokehouse conditions are ver;, critical in the formation of the brown coloration, during and after the smoking of meats. More will be said later, on the newer concepts of smokehouse conditions. Before proceeding into physical conditions of the smoking process, using liquid smoke or vaporous smoke, I would like to discuss one other aspect of the smoke coloring aDd flavoring reaction. We have often observed that better smoke flavoring, and especiall;y better smoke coloring, was attained in wienere b;y appl;ying two short·periods of smokingveraus one long period without interruption. For example, in showering skinlese wienere with liquid smoke solutioa, we obtain better coloring in the end product b;y showering for two one minute periods, with a one minute rest between the application, compared to a continuous shower of two minutes. We assume that this same effect of interrupted application is true with vaporous smoking, but it is much more difficult to prove this with vaporous smoking than with liquid application.
The reason for this need for a rest period, we believe, is the saturation of the smoke components on the surface awaiting penetration for reaction. Conce1vabl'3 the surface moisture can be saturated with the smoke components and the reaction has to wait until these components penetrate into the surface. This is easilJ demonstrated with water filled casing, where the penetration of the casing is enhanced if periodic rest periods are allowed during the smoke application• These observations indicate that better efficienc;y can be attained in a smokehouse operation, if the smoke application is broken up into at least two periods rather than one prolonged period.
With one of the objectives as better control of the smoke flavor and color of foods, and knowing more about some of the reactions that contribute to the smoke flavor and color of foods, probabl;y the major change of the past five or ten ;years is the advent and growth of the use of liquid smoke preparations. In the areas in which I am the most familiar, u.s.A. and Canada, it is estimated that at least 65% of the "smoked" meats are now smoke flavored and colored by the use of liquid smoke (smoke flavor solutions). The reasons for this wider use of smoke solutions are the ver;, reasons we have earlier outlined, that is, better control of the reaction, lese chance of carcinogenesis, less smoke effluent, and the relative ease of adapting liquid to continuous s;ystems with faster through-put·.
There are three general methods of preparing aqueous solutions of smoke, namel~: the smoldering of sawdust under controlled oxidation conditions and the absorption of smoke in water; the smoldering of sawdust under controlled conditions and the regular condensation of the smoke solution in a condenser; and contacting sawdust, or finel~ divided wood chips with superheated steam and the condensation of the steam distillate (u.s. Patent No. 3, 634, 108 Fessmann}. The most prevalent method of producing liquid smoke in u.s.A. is the first named, that is, the p;yrol~sis of hardwood sawdust and the capturing the wood smoke in water b~ drawing the smoke countercurrent to water through an absorption tower (u.s. Patent No. 3, 106, 4?3 Hollenbeck) . The drawing in Figure 1 illustrates this process. In this process the smoke solution is rec;ycled until a given concentration is developed. The solution then is aged for a given period of time to allow for pol~merization and tar precipitation, then is filtered through an absorp;.. tion filter of cellulose pulp. This cellulose pulp filtration besides clarif;ying the solution, contributes to the removal of a~cy trace amounts of ~drocarbons that remained dissolved in the liquid smoke. In general, these liquid solutions are used, as is, or with dilution with more water, in USA tnd Canada, without further concentration or refinement.
Smoke solutions can be further concentrated and refined, however, b~ the known cuemicai procedures and. this concentration ma;y definitel;y lead to some advantages in shipping and use. An illustration of a more concentrated product is described in the submitted paper.
"Novel Technolog;y of the Preparation of Smoking Agent" b;y Janusz Xulesza, Jerz;y Podlejski, Josef Gora, Jadwiga Xolska, Jolanta Stolowska of the Institute of Food Chemistr,, Technical Universit;y of L6dz, Poland
These investigators describe a smoking material prepared b~ extracting a smoke pol~meric concentrate with mineral acid to remove any organic nitrogen bases, or binding the organic nitrogen bases with ortho-phosphoric acid, removing the acid extract, and distilling the t~ concentrate at reduced pressure under an inert gas, or in the presence of powdered zinc, aluminum or iron powder. The application of the metal powders ~ields a distillate wb.1ch has a light amber color. The fraction distilling below 80 -90 °e at ~0 -20 millimeters of mercur, pressure is discarded, since it contains low molecular weight organic acids, phenols, water, h;ydrocarbons and other ballast substances. The next fraction boiling at a 100 -180 °e at 10 millimeters of merc~ is collected and this fraction is the final smoking agent. A variation of this distillation is to add gl~cerol to the smoke preparation and distill the combination of the aqueous and g~cerol solution.
The authors found that a,ringol as well as alkJl and alke~l s~ringols are the predominant components of the desired fraction from this fractional distillation, although the authors also state that bJ gas Chromatographie methods the distillate contains a mixture of more than 10 main components and man, trace components. The ~ield of this distillate is about 15 -40% bJ weight of the original smoke condensate.
The flavor analJsis performed at the Institute of Meat Industr, in Warsaw showed the flavor value of this distillate preparation is ver, high. In actual use, the preparation is diluted with such solvente as ethanol, eth;ylene glJcol, glJcerol or animal fats.
In USA and Canada, the major modes of application of liquid smoke to a food product comprise adding the liquid smoke directlJ to the product, such as a cheese spread, a meat emulstion, barbecue sauce, etc.; dipping the food product in smoke, as is often used in the Italian-t~pe cheese industr,, where the cheese product is dipped, or soaked, in a aalt-smoke solution; showering of the smoke solution over the product, which is the major wa~ of using liquid smoke in the continuous meat processes. In the continuous line process the meat product moves underneath the drenching, or showering head, and is showered with the liquid smoke. other means of adding liquid smoke are atomizing the liquid smoke inside an enclosure, such as a smokehouse, to form a smoke fog, and using this fog in a manner Ver'J similar to the basic method of vaporous smoking; and vaporizing of the liquid from a hot surface, and converting the liquid back into a vaporous smoke and using it in the normal manner thereafter.
Each of these modes of application have definite advantages and each has some disadvantages, but all methods are used. The method of choice depends mainlJ on the food being smoked, the equipment and space available, the desired end product in terms of quantitJ of color and flavor, and last, but not least, the cost involved.
An example of adding smoke solution direct~ to a food product is discussed in the contributed paper: "Use of the Smoking Liquid Preparation P.D.W. in Cheese Production" bJ Stanislaw Wasilewski, Janusz Kozlowski of Warsaw Agricultural UniversitJ, Warsaw, Poland These 8Uthors describe 8 process for the 8ddition of 8 liquid smoke prepar8-tion PDW directl' to milk, and converting the flavored milk to cheese.
The PDW is added to milk at a temperature of 40 °C and homogenized to make 8 premix. The premix is then added to the rest of the milk, the flavored milk treated with c~mosin, aad the cheese process continued. The flavored cheese was ripened for four weeks, and evaluated both chemicall' and organolepticall,. The taste teste showed that when the PDW concentr8tion was in the 20 -100 ppm range the smoke flavor could be detected, but was not distinctive. At levels above 100 ppm the fl8vor was quite distinctive.
Chemic81 anal,ses of the cheese indicated a decrease in nitrogen cont81ning compounds with increased smoke flavoring levels. This indicated that the ripening process should probabl' be extended when higher levels of smoke are used. Regenerating smoke vapors from liquid smoke b' spra,ing the liquid onto a hot surface and blowing the vapors into a confined space containing food products. The home smoking has since been replaced bJ commercial smoking. Commercial Smoking is done in somewhat the same manner but with more control and with a shorter smoking period. Sheep and lamb are generallJ slaughtered in the months ot September and October and then deep trozen. Carcasses are then cut up into the usual cuts. salted with a mixture ot tine aalt and sodium nitrate and then pickled in the aalt brine. Following the salting process, it is washed in running water and hung in the smoking chambers where it is smoked tor about ?2 hours. In some eases, the lamb is injected with aalt brine containing sodium nitrite and put into a cover brine prior to smoking. The shelt lite ot the commercial cold smoked meat is approximatelJ 23 weeks in cold storage. After 3 weeks, however, the meat starts to drJ and it molds, and its qualitJ is reduced.
The incidence ot stomach cancer has been verJ high in leeland compared to other countries. Dungal showed that the high incidence ot stomach cancer eorrelated with the high consumption ot smoked toods. Dungal, and later Thorsteinsson et al., made man, comparisons ot the amounts ot polJcyelic hydrocarbons in the various Icelandj.c toods. The level ot 3:4 benzp~rene, tor example, in the home smoked mutton was tound to be as high as 10? mg/ kilo, while commerciallJ smoked meats contained only a trace ot benzpyrene. The great ditterence in the amount ot benzp~rene between commercially and home smoked mutton was assumed due to the ditterence in smoking time and the cleaner smoking methods used in the commercial smokehouses. In addition to the home-smoked mutton contributing to the high incidence ot stomach cancer, it is also believed that seabirds singed in the traditional manner ot leeland also contained high levels ot benzpyrene, and contribute to the incidence ot the polycJclic ~droearbons in the diet.
Based on these tindinge, the farmers in leeland are now urged to terminate the home smoke curing and. leave the process to the industrial smokehouses. There is also an attempt to reduce the pollution ot polycyclic ~drocarbons in the einging ot sheep's heads by using propane gas rather than the long hot traditional proces~.
Since the work ot Foster and. Simpson in Scotland., it is generally concluded that wood smoke comprises two phases, namely, a particulate phase and. a vapor phase. Foster and. Simpson found that they could remove the particulate phase and that the vapor phase contributed the amoke flavor and. color without the particulate phase being present·. It has also been tound. that removal ot the particulate phase also greatly decreased the level of benzpyrene in the smoke, due probably to the tact that the particulate phase contains.a large portion ot the heavier smoke tars. According~, it has been a practice to remove the particulate phase either by electrostatic precipitation, or by other means, to decrease the tarry components in the smoke, and. thereby, reduce the levels ot benzp;yrene. This author describes the process ot obtaining the vapor phase ot smoke essentiall;y tree trom the particulate phase b;y using a laboratory electrostatic air tilter containing an ionization section. This ionization section contains 8 negativel;y charged aluminium plates, with a surtace area ot about 0.?2 square meter. Smoke was generated b;y the usual smoldering type generator and. drawn through the electrostatic filter and. used to smoke tlavor and color various meat products. The composition ot the smoke either electrostatical~ filtered, or not filtered, was determined b;y absorbing the smoke in water or ethanol and analyzing for acids, phenols and carbon;?l compound.s. The benzp;yrene content of the amoke solutions was also determined, with and without the electrostatic filtration.
Generall;y, the ditterence between the normal and. the filtered smoke in acid, phenol and. carbon;?l content was on~ quantitative. The filtered smoke being lower in all components, which might be expected. Sensory evaluation ot the meat products smoked with the normal veraus the filtered smoke showed that the filtered amoke produced products that were comparable in quality with the normal smoke. The outside color and. the smoky aroma ot the products smoked with the filtered smoke, howerev, were less intense due to the precipitation or the removal ot the tarry substances by the electrostatic filter. The important tindinge, ot course, were that the smoke trom normal smoking without the filter averaged 38.5 micrograms/liter ot benzpyrene while the filtered smoke was only 0.8 micrograms/liter. This study ind.icated that the use of an electrostatic precipitator does eftectivel;y remove the particulate phase and. the resulting removal ot benzp;yrene, while at the same time produces the usetul smoking agent.
Baker and Hoff ( u.s. Patent No. 3, 615, ?29) claims a method of reducing the carcinogen in smoke bJ passing the smoke through a CJclone which removes a substantial.portion of the particulate phase and, therebJ, reduces the smoke in carcinogene. These authors also describe a process of regenerating the smoke bJ spra,ing the liquid smoke onto a hot surface and therebJ regenerating the smoke vapors. TheJ found that even when theJ added benzpJrene to the liquid smoke, and recondensed the regenerated vapor, that the content of the regenerated smoke was greatlJ reduced in benzpJrene bJ the hot surface regeneration process. Although the regeneration of liquid smoke is used extensivelJ in the USA, as far as we know the addition of the CJcloning effect to remove the particulate first is not being used. The process of Baker and
Hoff is illustrated in Figure 7 .
Prod uct smok i ng
.___-I Application to product (dipping, spraying or mixing as ingredient) As was mentioned previouslJ, the wide usage of purified liquid products (smoke solutions) was stimulated bJ learning that the benzpJrene can be effectivelJ removed from the liquid solutions bJ tar precipitation, or bJ filtering and absorbing out the tars on cellulose filtere.
TBE NEED TO DECREASE SMOKE EFFWENT
The greatlJ intensified effort on the part of all peoples to clean the environmental air has placed restrictions on smoke effluent from aDJ process.
In USA there has been great progress on the part of meat processors to decrease the smoke effluent from the Smoking process, in order to meat strict air standards set up bJ the enviromnental protection agencies. This trend has stimulated a scramble to use other processes, such as using liquid smoke, Figure 9 .
's~! Smoke is generated in the usual mann.er and blown into the smokehouse. After passing over the product, smoke is withdraw.n and is rec~cled first through a condenser tower where it is in contact with water spra~, then the washed smoke and air are recJcled back into the smokehouse. B~ this means there is no smoke effluent to contaminate the outside air.
Closed smokehouse SJStems are gaining some popularitJ in USA, not onlJ from the decrease of smoke effluent, but also from the conservation of heat inherent in the recJcling. Some users of closed SJStems claim that the' can save considerable amount of s~eam per thousand pounds of product, because the reheated air is rec~cled and does not leave the SJStem as in the open-tJpe smokehouse.
Of course, the need to decrease the smoke effluent has been a great stimulus to wider usage of liquid smoke products.
THE NEED FOR BET'l'ER DESIGN AND FASTER THROUGH-PUT IN SMOKING SYSTEMS
In the smoking indust~, like all iDdustries, there is a definite drive toward more automation, more efficiencJ, and more through-put. The automated smoking-cooking tunnel for wienere has been in use for about 20 ~ears, and during that time great strides have been taken in controlling processing conditions in these tunnels. The tunnels are now being used for bacon and hams.
Emphasis has been placed on producing a uniform, high quali~ product b' means of sophisticated controls of the smoking~ooking-cooling steps in the process. These authors anal,ze the conditions for design and operation of smoking chambers based on four main factors, namel'. properties and dimensions of products to be smoked, parameters of the smoking chamber atmosphere, conditions of oparational technologJ, and design and construction of the equipment proper.
The thermoplcysical properties of products (meat, fish, cheese) which determine the heating rate are specific heat, thermal conductivity, and thermal diffusivity. The thermoplcysical properties of products varies with composition. Values for thermal conductivity of pork, for example, ver, widely with tat, protein and maisture content. The dimensions of product influence the ther.moplcysical properties. These can be analyzed by using a cylindrical body as a model. Small diameter products with small diameter casings are more ideal in heat transfer and diffusivity than larger products.
The conditions for temperature and humidi~ in the smoking chamber depend upon the intensity and rate of the production of the smoke aerosol, the convection and transfer of heat, and the maisture transfer between air and product. These factors are discussed with methematical models·.
Soma of the aspects for oparational technologJ which must be considered for good integrated processes are types and rates of chilling of product, the inspection of product for quality ( core temperature and shrinkage ) and the uniformity of product.
The design and construction of the smoking chamber itself are ver3 important due to the corrosive conditions of heat, humidity, and cleaning agents. Stainless steel construction, heav, duty sizing of all movable parts, and selflubricated bearings are mandatorJ. Control panels with all services to control heat and humidity conditions are desirable, as well as some means of Controlling effluent such as an afterburner or scrubber.
The second submitted paper on this subject iss This author analyzed the basic parameters of the smoking process for fish, aDd the necessar, requirements for smoking chamber which would provide all desired conditions. Some of the processing parameters discussed are the denaturation temperatures of the proteins, the hcydrothermal changes in connective tissues, the diffusion and evaporation of moisture from product, and the intensit' of the smoke.
Some of the necessar, requirements of the smoking chamber studied were, the capacit, of the unit in relation to the heat and air services, the air circulation and change, and the programming of heat and humidit' with disc-t,pe cams connected to dr, and wet bulb thermometers.
The ,ield of product from the designed smoking unit was consistentl' better than from conventional smoking kilns. With a partiale filter in the smoke duct from the friction t,pe generator, the color of the food product was excellent as well as ver, uniform. Comparative data are given for engineering and cost factors between the designed smoking unit and regular commercial units.
In summar,, there are man, novel concepts in the technolo~ and design of machiner, for production and application of smoke in the food industr,.
Examples of some of these concepts are the wider use of liquid smoke applied b' drenching, atomizing, or vapor re-generation; the refinement of vaporous smoke b' electrostatic filtere, and swirling devices; the development of closed system smoking chambers; and the construction of continuous smoking tunnels with improved efficienc, and product through-put.
